Technology transfer has been a very frequent activity in the industrial world nowadays. Technology valuation, and in particular technology pricing, has played a considerable role in these transactions, in spite of a huge amount of limitations in the pricing methodologies applied. Making a sound, traceable and reliable means for applying the price evaluation procedure, seems as a technological requirement to be traced for. The objective of delivering this paper is to introduce a new numerical technology pricing method to provide the two transacting parties a unique compromised price. A three-dimensional model for technology pricing is proposed and The TOPSPS algorithm has been utilized to select the most similar technologies to the intended one and the constructed scoring system is applied to calculate the final technology price accordingly.
Introduction
During the past three decades, there have been tremendous efforts on providing efficient methods to choose an appropriate method for pricing technology (Hultén et al., 2009; Jafarnejad, 2007) . Several valuation and pricing methods have been proposed and examined during the last decades. Anderson (1992) categorized valuation methods of invisible assets into three methods which are cost, market value and economic value. Smith and Parr (1994) introduced three methods to evaluate patents, namely cost-based, market-based and income-based methods. Yongtae and Gwangman (2004) designed a new method for technology valuation in monetary value based on defining technology influencing. Razgaitis (2003 divided technology valuation and pricing methods into six categories which are Industry Standard, Ranking Method, Rules of thumb, Discounting Method, Advanced Method and Auction Method. Leino et al. (2005) at Helsinki University utilized Razgaitis methods to arrange new product manufacturing methods. Stevens (2005) initiated a dividing valuation methods based on their focus on past or future periods. Following Razgaitis researches, Chiu and chen (2007) divided influencing factors of patent value into four groups, which are essence of technology, cost dimension, product market and technology market. In a recent research, Tabatabaeyan and Gharibi (2008) separated technology valuation methods into quantitative and qualitative methods. Finally, in a comprehensive conducted academic research, the technology pricing methods were summarized in three groups of Traditional Mathematical methods, Innovative Mathematical methods and Empirical Qualitative methods, which are illustrated in Fig. 1 .
Fig. 1. Technology Pricing Methods
As mentioned above, several pricing methodologies have been developed by different researchers of the costing field during the past years, but there are new emerging methods being generated now and then, since the technology is complicated itself in nature and nobody can restrict the factors influencing its price in different situation. In this paper, a new pricing method is developed for situation that there exists similar technologies in the market.
Developing a three-dimensional technology pricing model based on factor analysis process
Identifying influencing factors on the price of technology is one of the most important issues in determining the relationships between know-how and market expectations. In this new proposed method, field studies and expanded literature review have been utilized to determine affective factors on technical knowledge pricing.
Applying FA to determine technology pricing factors
While all impressive factors are identified, the factor analysis process is utilized to refine them and specify the most critical items. This process is a statistical method used to describe variability amongst observed variables in terms of a potentially lower number of unobserved variables called factors (Child, 1973) . In other words, it is possible, that variations in three or four observed variables, as an example, mainly reflect the variations in fewer such unobserved variables. The information gained about the interdependencies of observed variables can be used afterwards to reduce the set of variables in a dataset. F denotes values for one particular observation, and matrix L does not vary across the observations. In addition, the following assumptions holds on F, 1. F and ε are independent, 2. E(F) = 0, 3. Cov(F) = I. Any solution of the above set of equations following the constraints for F is defined as the factors, and L as the loading matrix.
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Let Cov(x − μ) = Σ, then we have,
.
(3) Note that for any orthogonal matrix Q if L = LQ and F = Q T F, the criteria for being factors and factor loadings still hold. Hence, a set of factors and factor loadings is identical only up to orthogonal transformations. In order to provide required information for FA, a panel of experts from related industry and also scientific institutes is constructed. FA is an appropriate tool to extract affective factors from a set of different ones. FA usually is used as a statistical method to categorize observations in smaller groups, which has been broadly applied in social and management science. The method assumes if there are several indicators or factors in observations, 'p' factors for example; it is possible to categorize them in some smaller groups of affecting factors, i.e. 'm' categories. According to Rencher (2002) , FA has the following three steps, -Construct the 'correlation matrix' of all factors or variables, which is a square matrix of correlation coefficients of variables, -Extract main factors, based on correlation coefficients of variables (by calculating Eigenvalues), -Rotate matrix factors to maximize the relationships between factors and variables. Due to dispersion and huge number of factors affecting price of a technology, a questionnaire on identification and prioritization of price factors is designed and consequently fulfilled by a certain numbers of technology and pricing specialists. Cronbach's alpha test was used to assure reliability of the questionnaire, which yielded 0.88 and it is well above a desirable level of 0.7. Validity of the questionnaire also is determined by using expert judgment method. In this mentioned questionnaire specialists were asked to evaluate the impact of each factor on price in a range of 0 to 10. Then data were gathered and refined to reach the final outcome.
Table 1
Results of Factor Analysis to determine Technology Pricing Factors (Shafia & Shakeri, 2010 It is obvious from the results of Table 1 , these 20 factors represent over 76% of the overall variance. By recognizing the main factors via factor analysis, it is possible to construct a mathematical model for pricing the technologies with great degree of reliability to encompass most influencing elements or costing ingredients. To illustrate this model, the above mentioned factors are categorized in three main clusters, based on their specification, including 'Inherent Factors', 'Internal (effect on market) Factors' and 'Market Situation (external) Factors'. This model is named as 'Three-dimensional Technology Pricing Model' which is illustrated in Fig. 2 .
Fig. 2.
The Three-dimensional Technology Pricing Model Therefore, we have, ( , , ) ,
(4) where P t is the price of technology, I h is the Internal (effect on market) Factor and M s is the Market Situation (external) Factor. The aim here is to build objective function f calculated for the proposed model through using TOPSIS algorithm and information about the price of similar technologies.
Introducing sub-factors of Three-dimension Technology Pricing Model
The goal of defining 'inherent factors' is to determine potential values existed in the soul of technical knowledge, which has two subdivisions, 'principal indicators' and 'application indicators'. 'Principal indicators' are remarkable attributes of the technology, meanwhile 'application indicators' are the factors that affect the degree of technology applicability. Sub-indicators of principal and application indicators are listed in Table 2 . Internal factors indicate values created in the organizational trough inherent attributes of the technology, which have been applied in the market and proven their effects. Sub-indicators of internal indicators are listed in Table 3 . Market situation (external) factors refer to the market attributes or desirability of the market in which the technology will be applied in. Sub-indicators of external indicators are mentioned in Table 4 . 
2.3.Applying relationships among price indicators to calculate factors' utility degree in objective function
To calculate the score of each technology in this method, an analytical hierarchy method has been implemented. In order to prioritize similar technologies in TOPSIS,'real amounts of quantitative factors' and 'utility degree of qualitative factors' are needed (Yongtae & Gwangman, 2004) . In case of scoring and prioritizing indicators, relationships amongst the price factors can be utilized; when there is no access to the real amounts of quantitative factors, like Reduced Operational Cost, and to determine utility degree of qualitative factors, such as market effect factors. For example as 'inherent factors' and 'effect on market factors' are interrelated (VanWyk, 2010) , the degree of utility for each qualitative or quantitative indicators of market factors can be calculated by estimating utility degree of each inherent factor and calculating average utility degree of sub-indicators related to each market factor. In the other word, for each market factor, utility degree assigned to its related inherent factors are summed up and their average are calculated to reach the utility degree of that market factor. These degrees are assigned by Decision Makers (DMs). DMs are industry specialists with sufficient knowledge regarding technology, market and pricing process and some relationships are shown as Table 5 . Qualitative sub-indicators of 'market situation' factor also could be converted to the numerical quantitative indicators utilizing the similar method. Then they are utilized to score and prioritize indicated technology and other similar technologies accompanied by 'internal factors'.
Identifying and selecting similar technologies
As the influencing factors of technology price are determined, finding the most similar alternative to the under-discussion technology is determined as the next step. At least two similar technologies are selected at this step by industry experts to calculate the scores for each item of 'three-dimensional indicators' which have been introduced earlier. The scores have been calculated for under-review technology and all similar ones. Then calculated scores are used to decide which of them is the most comparable to the mentioned technology.
Refining similar technologies group with AHP
In order to calculate the score of each technology and to have a more precise result, the analytical hierarchy process (AHP) will be utilized after selecting industry expert's trough a statistical rational method. Table 6 demonstrates a sample of technology assessment and scoring based on some of the pricing indicators, i.e. principal inherent factors. After each expert assigned the scores to a certain alternative technology, average score are computed to determine the final scores of technologies. Then alternatives with distant scores comparing to the new technology is neglected and remaining alternatives are prioritized using TOPSIS algorithm.
3.2.Prioritizing Similar Technologies using TOPSIS Algorithm
TOPSIS, Technique for Order Preference by Similarity to Ideal Situation, has been widely accepted method in the context of multiple-attribute decision making, MADM. An ideal solution is detremined as a collection of ideal levels, or ratings, in all attributes considered.
An MADM problem with m alternatives, which are evaluated by n attributes may be viewed as a geometric system with m points in the n-dimensional space. Hwang and Yoon (1981) developed the TOPSIS based on the concept that the chosen alternative should have the shortest distance from the positive-ideal solution and the longest distance from the negative-ideal solution. Lately, this principle has been also suggested by Zeleny (1982) and Hall (1989) , and it has been enriched by Yoon (1987) and Hwang et al. (1993) .
TOPSIS is usually used to prioritize alternatives through comparing them to the best and the worst solutions. Possibility of incorporating qualitative and quantitative factors is one of the benefits of this technique. Another benefit of this method is the ability of separating indicators into cost or profit categories.
In other word, in the m√n Decision Matrix (DM), if the factor has the profit effect, the greater the assigned value is, the more utility will be allocated to the technology alternative. On the contrary, if the factor has the cost effect, the lower utility will be assigned to the array with higher value in DM matrix.
All values assigned to the factors in TOPSIS algorithm should be in a quantitative manner, hence we should convert qualitative data to number types with some suitable means. Table 7 could be used to this alternation. 
where ij x is the array values of decision matrix, and ij R is the normalized values. Since importance of price factors are not equivalent, a set of weights are introduced by decision makers to weighting the matrix values. To create this weighted matrix, all arrays of R matrix are multiplied to the column matrix of weights, i.e. j W . The normalized weighted matrix is known as V while we have: The distance between each technology alternative and two above mentioned virtual alternatives will be calculated through n-dimensions Euclidean distance, i.e.: C shows that the technology has more priority to be considered as the similar technology to the intended alternative.
Thus the best actual technology alternative are identified after these mentioned steps of TOPSIS algorithm. Now it seems that defining the price would be the next step.
Calculating the price of intended technology
Defining the Adjustment Factor
To reach the price of a technology trough similar alternative, 'adjustment factors' could be applied (Yongtae & Gwangman, 2004) . Therefore, after finding more similar technology alternative trough TOPSIS algorithm, score deviations between intended technology and most similar technology are calculated based on the scoring system we had developed in the hierarchical analysis step before. The results of multiplying score deviation to the price of selected technology are utilized to define the adjustment factor:
Since the score deviation between two technology alternatives depends on the weights and scores assigned by decision makers, upper extreme of weighted score is not limited. For example, it was shown that the weighted score of a technology alternative reached 21.2 just for its inherent factors in our previous sample in Table 6 . Therefore, it is required to convert this value to the centric value between 0 and 1. Some alternating tables could be helpful in this regard. For instance, if the maximum deviation between scores in terms of weight and number of factors reaches 35, below table could be applied: The coefficients are calculated more precisely by interpolation computations.
4.2.Calculating the Price
Adjustment factor equals to the extra-price that should be added to the price of TOPSIS-selected technology. Therefore, we have:
(1 ),
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In which T P is the price of intended new technology, T AF is the adjustment factor, and TOPSIS P is the price of similar TOPSIS-selected technology.
If the price of selected technology does not belong to the present time, it first should be converted to the present value trough NPV or similar methods, then adjustment factor could be utilized. In addition, if the score of intended technology is less than TOPSIS-selected alternative, the price of the similar technology could be considered; or the result of multiplying adjustment factor to the price of selected technology could be reduced from the price of that similar technology to define the new price. It should be noted that at the minimum, the calculated price should cover the costs of R&D and intended profit of technology owner.
4.3.Assumptions of the Proposed Model
Win-win situation is an important principal in sustainable economical transactions. To reach to a fair logical price for a new technology in the proposed model, these assumptions have been incorporated: In addition, it should be noted that type of industry and technology -i.e. hardware, software, knowhow, patent, etc.-would have effect on selecting experts, influencing factors and finally the price of new technology. Therefore, introduced factors in this proposed model are not general factors; hence they are subject to change in each certain area of technology.
Results and discussions through practical application
To confirm results of the proposed model, it has been applied in a famous Generator Manufacturing company, which is a subsidiary of a powerhouse project contractor company of Islamic Republic of Iran. Let us identify this generator manufacturer as 'GEMA' which has made a plan to purchase an insulator technology from 'Alestom', a Swiss generator manufacturer. GEMA is aware of the market price of two similar technologies, which are 'Resin Rich Insulator' of 'Ansaldo', and 'Vacuum Pressurized Impregnation' that belongs to 'Siemens' company.
At the first step of implementing the model, three experts of insulator field were determined to build the DM team. Their opinions have been summarized in Table 9 . Since in TOPSIS all factors should be homogenous in type, i.e. profit or cost, by changing 'Risk of Income' factor to 'Confidence Margin'; and 'Ease of Market Entrance' factor to 'Difficulty in Market Penetration'; all factors have been altered to profit type factors. Now the more the degree of utility is, the better alternative would be selected as the similar technology. Indeed, number of obstacles for entering market will prevent competitors to imitate the technology or introduce a higher-level one, which could outmode the technology and squander the investment.
Initial cost of Siemens and Alestom technologies are higher, but their maintenance costs are low. Vice versa Ansaldo technology has a different situation. Since Siemens and Alestom are more recent technologies, they are more dependent to their own support and their risk of income is higher, hence confidence margin will be lower. On the other side, Alestom is the just innovated alternative; therefore its market is more resistant and has more obstacles in front of competitors. All three technologies are applicable for generators and electrical machines, but Ansaldo technology has less application easiness because of its need to special manufacturing tools, diversity in production and development capacity. Therefore, its speed of income is less than two other ones. Also transferring of Siemens and Alestom technologies is more time consuming, because they are more complicated; but possibility of easy development and usage in different products compensate this weakness. Calculations to find the price of new technology are as follows. As it is shown, finally Siemens technology was selected as the most similar technology since it is the nearest alternative to the ideal solution. Therefore, it is used to calculate price of Alestom technology based on the proposed model.
It would be mentioned that to validate model components and produced results, not only pricing factors are endorsed by industrial and collegiate experts in powerhouse projects, but also ELECTRE, another MADM technique, has been utilized to confirm prioritizing similar technologies. Siemens technology was the answer to the most similar technology question using ELECTRE too, and it has placed in a higher position comparing to the Ansaldo technology once again. Table 11 summarizes final analysis to define a price technology in this model. 
Conclusions
In this new proposed model to define a price for an intended technology, it is tried to define indicators and factors that affect the price of technology, using field studies and interview panels of related experts. Extracted factors were refined trough Factor Analysis and categorized via expert judgment into three clusters of factors that are Inherent Factors, Internal (effect on market) Factors and Market Situation (external) Factors.
Internal relationships among these factors and effect of each of them on the price of technology were examined in a certain technology industry by means of expert judgment technique. AHP and TOPSIS decision making techniques applied to prioritize and select most similar technology in the next steps and an adjustment factor designed to tune the price of most similar alternative and define the price of new intended technology.
The results of applying this new proposed methodology in calculating the price of an insulator technology was promising and confirmed this model to be used in such similar situations.
In addition, as the nature of this model is a general concept, it can be used to calculate the price of different types of technology, i.e. equipments, hardware, software, technical knowledge, know-how, patents, etc.
